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Abstract 
Copper nanoparticles are being used more and more frequently in our everyday life; this leads to the 
question of what the effects on the environment and organisms living in the contaminated 
ecosystems are. This report seeks to help answering this question, by researching if the sediment-
associated copper (two forms, CuO NPs or Cu-ions) exposure has a delayed effects on the mortality 
and burrowing behaviour of the annelid Tubifex tubifex after an exposure period of four days. This 
is done by exposing T.tubifex to sediment spiked with either CuO NPs or Cu-ions (sequestered as 
CuCl2 + 2H2O) for 4 days, followed by a transfer to clean (non-spiked) sediment for an additional 4 
days. Delayed effects are determined as a change in mortality and burrowing behaviour of the 
worms. It was found that in this setup the Cu, especially in the NP form, had a delayed effect on T. 
tubifex. This was shown by both an increase in mortality and a lower ability to burrow into the 
sediment, when transferred to the clean sediment. This indicates that attention should be paid to not 
only the short term effects, but also the delayed effects before being able to predict the outcome of 
NP products. 
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1. Introduction 
Copper is one of the earliest discovered elements known to man. It has been, and is still used, 
widely for a range of things, such as production of coins, and electrical equipment. In addition, 
copper sulphate is used as an agricultural poison and as an algicide in water purification (Royal 
Society of Chemistry, 2015). The great electric conductivity, the catalytic behaviour, the good 
compatibility and the surface enhanced Raman scattering activity of copper has caught the attention 
of scientists, and is speculated to become one of the most used nanoparticle types in the future 
(Chandra et al., 2011). Particles in nanoscale have been used for centuries, but in the last years, the 
use of nanoscale materials of different kinds in a variety of products has increased substantially. 
With this increase in products with nanoparticles (NPs), a question arises: How do nanoparticles 
affect nature, and thereby our ecosystem? This has, however, proven quite hard to answer. NPs 
come in different varieties, and are used in different materials and areas such as electronic, 
pharmaceutical and energy sectors and have different effects in different systems (Nowark & 
Bucheli, 2007). When it comes to copper as a nanoparticle, it is mostly used in nanoelectronics 
(Chandra et al., 2011). An advantage of using NPs, compared to larger particles is that the NPs has 
a small mass and volume compared to the surface area, which gives them more and different 
abilities (Nel et al., 2006). So far, there is no concrete conclusion on what effect NPs have on the 
environment, thus manufacturers continue to add an increasing amount of NPs to their products 
(Nowark & Bucheli, 2007). Studies on NPs primarily focus on their effect in the water bodies and 
not their effect in sediment. An experiment looking at the sediment is needed to paint the full 
picture of NPs environment effects. Furthermore, clearer effects of NPs may only become visible 
through long-term effects or delayed effects. Delayed effects in particular are challenging to 
measure; it is difficult to be sure, if the effect that occurs after a long period is due to the exposure 
to nanoparticles or just naturally occurring effects of senescence of species such as Tubifex tubifex. 
Contaminated sediment can result in decreased survival, reduced growth, and impaired reproduction 
in benthic invertebrates and fish (Macdonald & Ingersoll, 2002). Sediment-ingesting endobenthic 
species in freshwater ecosystems, such as T. tubifex, may be exposed to sediment bound substances, 
like NPs. Sediment often acts as a contaminant sink due to the continuous flow of water leading to 
the organic matter sinking and settling in the sediment. Due to all the particles, pollutants and 
nutrients, flowing into the water body, it leads to NPs binding to the sediment through their 
chemical and physical properties. By serving as prey for bigger animals, such as fish, and by 
bioturbation of the sediment these animals can have a strong influence on the bioavailability of such 
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substances to other organisms. Endobenthic species, especially, can have a great effect, since they 
burrow into the sediment and therefore ingest sediment particles below the normal sediment 
surface. Through this, they are exposed to chemicals via many different uptake routes; ingestion of 
contaminated particles, pore water and overlying water as well as direct contact. 
 
Research on NPs effects on ecosystems, has primarily been on the water column and pelagic 
species. This is probably due to water being an easier experimental media. Sediment, being a very 
complex media, has therefore not been looked at in the same degree. 
 
1.1. Problem formulation 
Does sediment-associated copper (two forms, CuO NPs or Cu-ions) exposure have a delayed effect 
on the mortality and burrowing behaviour of the annelid Tubifex tubifex after an exposure period 
of four days? 
 
1.2. Hypothesis 
We expect that T. tubifex is affected in a negative way by the CuO NPs, and that this will be seen as 
an increase in mortality and decrease in burrowing behaviour, meaning that the CuO NPs will 
enable T. tubifex to burrow into the sediment at a slower rate.  
This is expected due to the fact that CuO NPs have a large surface area due to their tiny particle 
size, which therefore makes them very reactive and thus more toxic to the T. tubifex species.  
CuCl2 is expected to have very little, if any effect on the T. tubifex worms, as it is not known to be 
particularly toxic to the environment, especially in the little amounts that reach the environment. 
 
1.3. Target group 
This project is written for students in natural sciences with interests in environmental biology with 
focus on ecotoxicology. In terms of getting a complete understanding of this project, it is expected 
that general terms in environmental biology are known by the readers, but the more project-specific 
terms are explained throughout the text. 
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2. Background 
To understand the overall picture of why we do our experiment, some knowledge of the freshwater 
ecosystems, the T. tubifex, the Cu, CuO NPs and the Cu-ions is needed. 
 
2.1. Freshwater ecosystem and sediment 
Freshwater, being used for supply for drinking water, irrigating crops, and running industrial 
processes, is vital to human life as well as a habitat for plants and animals. Humans benefit a great 
deal from rivers, lakes, wetlands and underground aquifers; the benefits, called ecological services 
are defined as conditions and processes of natural ecosystems and their species sustain and benefit 
human life (Baron et al., 2003). Freshwater ecosystems vary depending on the type, location, and 
climate, but share some characteristics (Baron et al., 2003). The ecosystems are connected to 
ground waters, and share the need for water in a certain range of quantity and quality; furthermore, 
they require a natural disturbance or variation to maintain the viability and flexibility (Baron et al., 
2003). Freshwater ecosystems have adapted to the natural hydrologic variability, this is needed 
when the waters are located in areas where the variability in weather and temperature are great. 
Additionally the freshwater ecosystems are closely coupled with the watersheds and catchments 
around it, underlining the pressure from the human activities in the surrounding areas (Baron et al., 
2003).  
In streams and rivers there is a continual flow of the water, therefore the organic matter that arrives 
from the land moves through, but in lakes and wetlands the organic matter falls permanently to the 
bottom, meaning that the sediment works like a sink that gathers all the falling particles (Kwok et 
al., 2013). Thus, the sediment acts as both a nutrient and a contaminant sink, and can in addition 
work as a source of pollutants to the water column, when conditions change in the receiving water 
system (MacDonald & Ingersoll, 2002). The plant and animal life in the sediment compartment (i.e. 
sediment-dwellers and benthic organisms) are accordingly adapted to the specific conditions of the 
ecosystem. These different organisms are vital for the ecosystem as a whole, as they work in 
purifying the water, decomposition and nutrient cycling (Baron et al., 2003). 
The sediments in these ecosystems are difficult to characterize, due to the sediment being muddy, 
containing different grain sizes and is made up by a mixture of saline or brackish water. In addition, 
cohesive sediments, made up by different clay minerals, and organic matter of diverse origin and 
nature, small amounts of silt and sands are usually also present (Berlamont et al., 1993). 
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Sediments are fragmented materials consisting of rocks and minerals, in addition to remains of 
plants and animals (National Geographic, 2015). Sediment originates from weathering and erosion 
of rocks or unconsolidated deposits and are transported by and suspended in water (EPA, 2014). 
Sediment is nutrient-rich, and therefore often rich in biodiversity (National Geographic, 2015). The 
contaminants that enter the water column tend to accumulate in the sediments, due their physical 
and chemical properties (MacDonald & Ingersoll, 2002). This makes the sediment an important 
compartment concerning ecotoxicology surveys. 
 
2.2. Tubifex tubifex 
Tubifex tubifex is a freshwater worm from the phylum Annelida, the segmented worms, and more 
specifically from the class clitellata, commonly known as the earthworms, pot worms or leeches 
(Bouché et al., 2000). T. tubifex is a long, thin, segmented worm. It may grow up to 20 cm in some 
regions of the world, but is about 3 cm in Danish waters. On each side of the body T. tubifex has an 
upper and lower bundle of chitinous bristles (setae) used for burrowing. Due to the respiratory 
pigment haemoglobin, the worm is reddish in colour (Budd, 2005). It lives in the water/sediment 
interface, with the anterior part of its body burrowed in the sediment and the posterior part free in 
the overlying water (Bouché et al. 2000). The head down position allows it to ingest sediment 
particles utilising the associated microorganisms and organic debris, and the tail end undulating in 
the overlying water allows for respiration (OECD, 2008). The T. tubifex can take up air directly 
through the skin, over the epithelial surface, and this together with the haemoglobin makes it 
possible for the worm to live in areas with extremely low oxygen content (Templar, 2012). This 
species is commonly known as a sludge worm, due to it inhabiting different kinds of mud 
(sediment) (Templar, 2012). The species prefers relatively fine grain sizes (OECD, 2008), and are 
often found in very polluted sediments, as well as areas where oxygen is deficient. The parts of the 
estuaries they inhabit are, therefore, rarely inhabited by many other species (Templar, 2012). T. 
tubifex is subject to toxic harm due to their habitat being particularly exposed to environmental 
pollutants, such as nanoparticles and ions, from both the sediment and the water, by ingestion 
and/or epidermal contact. (Bouché et al., 2000) 
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The burrowing behaviour of the T. tubifex is a good indicator of its fitness. If the worms are not able 
to burrow into the sediment on the bed, they cannot feed on the organic matter, or stay anchored in 
the water currents. This will make them easy prey for predators and in time lead to death. (Templar, 
2012) 
 
There is however some complications with using the T. tubifex in the laboratory. They can be very 
hard to handle, due to them being very fragile, and very hard to find in the sediment, furthermore 
they decompose very quickly after death (Templar, 2012). Regardless, the OECD guidelines have 
chosen the T. tubifex as a good bioindicator, and it is one of the most frequently used endobenthic 
species for testing toxicity in freshwater ecosystems. 
 
2.3. Copper, copper oxide nanoparticles and copper ions 
Copper is a metal found and used in many different environments, processes, and forms. It has 
different effects and properties depending on its state, thus making it an interesting and important 
element to evaluate and assess its toxicity in different shapes, sizes and states. CuO NPs are used 
more and more in numerous processes and products so its impact on the environment is becoming 
greater, through direct and indirect processes. CuCl2 is a common reference compound solution so 
its effects are known and thus, reliable as a reference in this assessment of toxicity. Cl2 is usually 
 
Figure 2.1 Tubifex tubifex (Templar, 2012) 
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not found in freshwater systems, so in this case where freshwater sediment is used, it is interesting 
and essential to evaluate whether or not the Cl2 ions may impact the toxicity level in the sediment.   
 
2.3.1. Copper toxicity 
In this study, the sediment is spiked with Copper (II) Oxide (CuO) NPs, a black powder, also 
known as cupric oxide. This compound has two forms: the above mentioned and Copper (I) Oxide, 
a reddish powder. These two forms occur due to the fact that copper can bond with non-metals such 
as oxygen by donating two or one electrons, respectively. CuO occurs naturally as crystals and it is 
used in pigment production as various colours can be derived from it. It is insoluble in most 
solvents; however, when mixed with acids, it forms salts. It has a melting point above 1200°C and 
is formed through heating copper in air (Hummel Croton Inc. 2006): 
 
2 𝐶𝑢 +  𝑂2 →  2 𝐶𝑢𝑂 
 
Nanoparticles are microscopic particles that have dimensions ranging between 1-100nm. Today, 
they are a highly important topic under scientific discussion as they are an essential bridge between 
bulk materials and atomic or molecular structures (Hayashi et al., 1997). Although naturally, bulk 
materials should maintain constant physical properties, no matter the size of the materials, 
nanoparticles portray a variety of properties. An example of this is the bending of bulk copper in the 
forms of ribbon or wire, which occurs with copper atoms movement occurring around the 50 nm 
scale. Nanoparticles often have various visible properties, as they are small enough to confine their 
electrons. Moreover, nanoparticles have a high surface area to volume ratio that consequently 
lowers the melting point temperature of these nanoparticles as well as increases the reactivity on an 
atomic level. (Internet Archive Wayback Machine). 
 
Studies on the risks of numerous nanoparticles on the environment have shown that the fate and 
toxicity of these are influenced by a number of different factors ranging from the particle size to the 
surface area (Tiede et al., 2008). It is also noted that nanoparticles are potentially more toxic than 
bulk materials containing the same composition due to the greater surface area and thus reactivity. 
Regarding CuO NPs, it has been noted that these are 50 times more toxic than CuO in bulk form 
towards organisms such as crustaceans (Heinlaan et al., 2008), yeast (Kasemets et al., 2009) and 
algae (Aruoja et al., 2009), (See Figure 2.3.1). 
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Nanoparticles can be toxic due to their minute particle size. This allows them to penetrate biological 
structures such as cells and cellular organelles resulting in normal function disruption of the cells 
and their organelles. Such disruption may be in the form of cell death and tissue inflammation 
(Buzea et al., 2007). This is an important issue being dealt with in aquatic environments that are 
affected mainly through the vast use of pesticides in fields. As pesticides contain high copper 
nanoparticle amounts, the soil being fertilized gets richer and richer with these. When rainfalls 
occur, the runoff is likely to collect many of these nanoparticles and wash them into nearby water 
bodies where they are likely to settle and build up in the sediment. Contrary to organic pesticides, 
copper does not degrade and it can exist in numerous forms in water bodies such as organic, 
inorganic, free or hydrated Cu-ions. Due to copper nanoparticles not being able to degrade as well 
as their ability to penetrate biological structures, they are considered very toxic in large amounts in 
the environment (Nel et al. 2006). 
Today, there are a number of studies on the toxicity of Cu in different forms, mostly its metal form 
(i.e. ions) which proves to increase mortality of some aquatic organisms; however, very few studies 
are done on the nanoparticle form of CuO in the environment (Nel et al. 2006).   
 
         
 
Figure 2.3.1: The toxicity of CuO Nanoparticles and Cu salt in different 
organisms. (Bodarenko et al. 2013) 
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As it is seen in Figure 2.3.1, it is clear that CuO NPs have a relatively high toxic effect on 
organisms such as algae and crustaceans, both of which are highly important organisms in the 
aquatic environment. Cu salts however are generally more harmful. Nevertheless, due to the 
constant increasing usage of CuO NPs, more and more is released into the environment allowing for 
higher toxicity in aquatic environments subsequently harming more of the aquatic life. 
   
2.3.2. Production of products containing CuO NPs 
CuO engineered nanoparticles are one of the most vastly used NPs (Borkow & Gabbay, 2004). 
These are used in various products such as anti-microbials when added to plastics and textures and 
surfactants, however mainly in sensors used to determine the quality and properties of their 
surroundings (Figure 2.3.2) (Ramskov et al., 2013).  Due to their wide usage, it becomes more and 
more likely for them to end up in the aquatic environment through runoff and sewage. Once this has 
occurred, particles usually build up in the sediment due to sedimentation of the particles, along with 
agglomeration and aggregation (Ramskov et al., 2013). Copper nanoparticles reach sediment 
through various ways, and as mentioned above, pesticide usage is a large source, as well as through 
wastewater runoff or discharge after antimicrobials and surfactants are discarded.  
 
 
 
Figure 2.3.2: Graphical depiction of the uses of CuO 
nanoparticles (Bondarenko et al., 2013) 
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2.3.3. Copper ions – reference material 
Cu-ions have been used in numerous studies, thus information was able to be collected regarding 
suitable LC values of CuCl2 to use as a reference solution when spiking with both CuO NPs solution 
and the CuCl2 solution. Nanoparticles (CuO solution) are larger particles than the Cu-ions, thus the 
CuO NPs solution particles take longer to biodegrade. Due to this, the sediment samples spiked 
with the CuO NPs accumulate more copper and can theoretically be more toxic to the worms. CuO 
NPs should be more toxic than Cu-ions, but the latter indicates to have toxic effects in the 
environment. In theory, there should be a difference between CuO NP and Cu-ion. This shows that 
the Cu state is therefore, an important factor to consider when evaluating the environmental risks. 
In this experiment, the blue-green dehydrate form of CuCl2 was used; this is created once the brown 
solid form of CuCl2 absorbs moisture (𝐶𝑢𝐶𝑙2 + 2𝐻2𝑂). Like the CuO NPs that were used, the ionic 
form CuCl2 is also not readily biodegradable and therefore should not be released into the 
environment, which is possible through drainage pathways (Bondarenko et al., 2013). Cu-ions are 
used in fungicides in order to prevent fungal spores and pathogens from entering host tissues 
(Bondarenko et al., 2013). 
 
3. Experiment 
The experiment is made, using the OECD guidelines (OECD, 2008) as a template with modification 
to make it fit with a decided goal and time. 
By exposing the sediment-dwelling annelid T.tubifex to sediment spiked with either CuO NPs or 
Cu-ions (sequestered as 𝐶𝑢𝐶𝑙2 + 2𝐻2𝑂) for 4 days, followed by being transferred to clean (non-
spiked) sediment for an additional 4 days, delayed effects are determined as change in mortality and 
burrowing behaviour of the worms. 
 
3.1. Methodology 
In this part, the practice and method are described. Collection and the treatment of the sediment and 
T. tubifex are explained. There are two different kinds of experiments described here: the pilot and 
main experiment. The results from the main experiment are this reports primary focus. 
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3.1.1. Sediment collection 
The sediment was collected at Munkholm Bridge, Holbæk, Denmark (see Figure 3.1.1). After 
putting on waders and collecting a sieve on a stick and an empty bucket, each collector walked 10-
20 meters into the water and stayed in an area with no large stones or vegetation. The bucket was 
placed on the water and careful attention was paid to only collecting sediment from the top layer of 
the bed. Sediment had to be filled by being equally spread around, so that the bucket was not filled 
with water, but with as much sediment as possible. When the bucket was about three quarters filled, 
as much surface water as possible had to be removed. The process was repeated with a new empty 
bucket until a sufficient amount of sediment was collected. 
 
 
 
3.1.2. Sediment sieving 
The collected sediment was sieved in the sediment room in building 12.0 at RUC. The sediment 
collected at Munkholm Bridge has an approximate grain size of >2mm, with mussel shells and 
small stones in the mix. It was therefore sieved with demineralized water in a 2 mm sieve into a 
new clean bucket. The waste product is then collected into a big bucket, so it can be dumped in the 
appropriate manner. A 250µm sieve is placed on top of a 125µm sieve; both are placed on the 
sorting/sieving machine. The tube that collects the sieved sediment from the sorting/sieving 
machine is connected to a bucket. The sediment is stirred into a gravy-like texture. The 2mm 
sediment is then slowly put onto the sorting/sieving machine, and sieved. Demineralized water is 
added when needed, to help with easing the sieving. The sediment in the 125µm and 250µm sieves 
 
Figure 3.1.1: Munkholm Bridge, Holbæk, Denmark.  
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is emptied and cleaned when needed. The procedure is repeated until all the sediment is sieved into 
the wanted grain size (<125µm). 
 
3.1.3. Preparing Tubifex water 
Tubifex water is used as a media, so the sediment has the optimal conditions for the T. tubifex to 
thrive. 2.4658 g of MgSO4 + 7 H2O, 5.887 g of CaCl2 + 2 H2O, 0.1145 g of KCl, and 1.984 g of 
NaHCO3 is transferred to a large plastic container, and 18 litres of deionized water is added. The 
solution is then transferred to the climate room, where it is aerated for at least 48 hours. 
 
3.1.4. Preparing the sediment for spiking 
For the sediment to be ready for spiking, as much as possible of the water in the sediment must be 
removed. This is done by slowly pouring the excess water out in a drain that can handle this. It is 
important not to stir the sediment, as this will make it harder to separate the water from the 
sediment. Furthermore, the sediment needs to be cleaned with Tubifex water; this is done by adding 
Tubifex water to the sediment and mixing with a large spoon. The sediment then has to settle for 
two days, before the overlying water is removed again. Again, this has to be done carefully, so none 
of the sediment is lost. If the sediment is still too wet, let the sediment settle overnight and remove 
more water afterwards. This can be done as many times as it is required, if the time is sufficient. 
When the sediment is at the right condition, 4x5g samples are taken for measuring the dry 
weight/wet weight ratio (dw/ww). 
 
3.1.5. Measuring dw/ww 
4 crucibles are burned off at 550°C for two hours. About 5g of wet sediment is added to each of the 
crucibles and weighed. These are then put in the oven at 105°C for about 24 hours. The crucibles 
are cooled and weighed, and the dw/ww ratio is calculated. This is calculated in order to compensate for 
the moisture content already in the soil samples.  
 
3.1.6. Spiking March 20th – Pilot experiment 
The sediment is split up in three big glass beakers; Control, CuCl2 and CuO NPs. 125 g ww 
sediment is added to each glass beaker. The control beaker will only contain natural clean non-
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contaminated sediment. In the second glass beaker 3.55 mL 0.01 g/mL CuCl2 is added. In the third 
glass beaker 1.66 mL 0.01 g/mL concentrated CuO NPs is added. The sediment is then thoroughly 
mixed with the added compound (using a plastic spoon) in each of the glass beakers and then placed 
on a shaking table for a few days (min. 24h). The three big glass beakers are removed from the 
shaking table and mixed thoroughly (again using a plastic spoon). The sediment from each of the 
three big glass beakers is then distributed to 15 small glass beakers; five replicas of the control, five 
replicas of CuCl2 and five replicas of CuO NPs. In total, 14g ww sediment (incl. compound) is 
added to each of the 15 small glass beakers. The 15 small glass beakers are then filled with Tubifex 
water, so there is about 1cm of air in each beaker. The top of each beaker is covered with parafilm 
to avoid evaporation. Aeration is achieved through using an aquarium air pump to distribute air to 
the 15 small glass beakers via plastic tubes. The aquarium air pump tubes are breaking through the 
parafilm, but the remaining parafilm holds the tubes in place. An air hole is made in the parafilm so 
the glass beakers do not explode. 
 
3.1.7. Spiking April 22nd – Main experiment 
The sediment is split up in three big glass beakers, Control, CuCl2 and CuO. 80 g ww sediment is 
added to each glass beaker. One of the glass beakers will only contain natural clean non-
contaminated sediment. In the second glass beaker, 3.69 mL 0.01 g/mL CuCl2 is added. In the last 
glass beaker 3.69 mL 0.01 g/mL concentrated CuO NPs is added. The sediment is then thoroughly 
mixed with the added compound in each of the glass beakers and placed on a shaking table for a 
couple of days. Three big glass beakers are then removed from the shaking table and mixed 
thoroughly. Each of the three big glass beakers is then distributed to 12 small glass beakers; 4 
replicas of the control, 4 replicas of CuCl2 and 4 replicas of CuO NPs. In total, 14 g ww sediment 
(incl. compound) is added to each of the 12 glass beakers. The glass beakers are then filled with 
Tubifex water. The top of each small glass beaker is covered with parafilm to avoid evaporation. 
Aeration is ensured in the same way as described in the pilot experiment. The system is left to settle 
for a day, so the visibility is clear when adding the T. tubifex. 
 
3.1.8. Transferring T. tubifex to the spiked sediment (pilot and main experiment) 
T. tubifex is bought from Bonnies Dyrecenter in Rødovre Centrum, Denmark.  
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Day 1: 12 petri dishes are placed on the table and some Tubifex water is added to each of them. The 
organisms are transferred to one large petri dish containing Tubifex water. In order to attempt to 
maintain good survival conditions for the T. tubifex to settle in, aspects concerning the available 
nutrients had to be monitored. This was done through the Tubifex water, a substance with known 
conditions and good, healthy conditions for the T.tubifex survival, before they were influenced by 
other factors such as stress and exposure to Cu-ions or CuO NPs. Seven T. tubifex are added to each 
of the 12 petri dishes using soft pincers. T. tubifex of preferably the same size and health are chosen. 
When all organisms are sorted, they are added to the 12 beakers. Figure 3.1.2 shows the 
water/sediment ratio. A new parafilm layer is added to the beakers, and the air pump tubes are 
added to make sure that aeration for the T. tubifex is sufficient. All the T. tubifex worms should have 
burrowed into the sediment within the first five minutes.  
The T. tubifex worms are exposed for four days. Each day the experiment is checked, to see if the 
aeration is still sufficient.  
 
 
 
3.1.9. Transferring T. tubifex to the clean sediment (pilot and main experiment) 
Day 2: 12 beakers are prepared with clean, non-contaminated sediment: 14g ww in each beaker. 
Tubifex water is added to the sediment and lids are put on each beaker. The 12 beakers are then left 
to settle until the fourth day.  
 
Figure 3.1.2: T. tubifex worms in beakers with sediment 
after the worms had burrowed 
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Day 4: 12 petri dishes are prepared as explained for Day 1. Sediment and water from each beaker 
are being poured through a sieve, in order to collect all the added T. tubifex.  A bucket is used for 
the leftover water/sediment from the beakers. The sieve is cleansed with demineralized water and T. 
tubifex from each beaker is transferred, using soft pincers, to a petri dish for the given beaker, the 
sieved water and sediment from each beaker are collected separately, so if a worm is missing, the 
already sieved water and sediment can be sieved again. This is repeated for all beakers until all 
worms are accounted for. All results are noted, and the procedure is repeated for all 12 beakers. 
When all beakers are emptied, and all T. tubifex worms are accounted for, the organisms are added 
to each of the 12 beakers with clean sediment. This is done one beaker at a time and the burrowing 
time for each replica is measured with a stopwatch. The time is stopped when all the T. tubifex have 
burrowed into the sediment. Each beaker is then covered with parafilm and the aquarium air pumps 
are added as previously explained (see Figure 3.1.3). The experiment is left for four days. Only to 
be checked once a day to see if the aeration is still working.  
 
 
3.1.10. Main experiment: termination procedure 
Day 8: 12 petri dishes are prepared as explained for Day 1. All beakers are treated as described for 
Day 4, and the sieving procedure is continued until all T. tubifex worms are accounted for and all 12 
beakers are searched. All results are noted. 
 
Figure 3.1.3: The experimental setup. Shown here is the 
aquarium air pumps connected to each of the beakers, 
containing sediment, Tubifex water, and T. tubifex.   
Page 18 of 43 
 
3.1.11. Atomic Absorption Spectroscopy (AAS) 
The AAS analysis was done in the AAS-laboratory in building 11.1 at RUC. For measuring the 
copper concentration in our sediment samples, the Atomic Absorption Spectroscopy (AAS) 
machine is used. The AAS measures the absorption of a certain, metal specific wavelength of light 
in a given sample. 18 samples consisting of: 3 controls, 3 CuO NP and 3 CuCl2 from the pilot and 
the main experiment are analysed. Six Weflon tubes are used each round, of which the first is a 
blank and the second is a control-test from the AAS lab. A tube is placed on a scale and the 
pulverized and freeze-dried sediment-samples are weighed. For each sample, 0.1g is used for the 
test. Make sure that there is not any sediment on top of the tube, as this will lead to insecurities in 
the results. The exact weighted amount is recorded and printed out. The procedure is repeated for 
each of the sediment samples. For each of the Weflon tubes 6.25mL milliQ water and 6.25mL nitric 
acid is added, followed by closing the protection shield, the adapter plate and the special spring. 
The enclosed tubes are placed in a six-position rotor body, the tubes are screwed on and the rotor 
body is then put in a microwave cavity of the Milestone unit. The program is set, it takes about 30 
minutes, and after that, the rotor body is cooled down for 20 minutes. 
For each of the six Erlenmeyer flasks, a funnel with a filter is added. The filter is cleaned with 
diluted nitric acid (1:1) and 3-4 times with milliQ water, which is left to stand and drip down into 
the flask. Six 100mL volumetric flasks are numbered and a funnel with the now cleansed filter is 
added to each volumetric flask. After cooling down the Weflon tubes, the rotor body is transferred 
to the fume hood, and each Weflon tube is taken out. The liquid from the tubes is poured through a 
filter into each of the volumetric flasks, and milliQ water is used to flush all the sediment particles 
out. When the tube is clean, the 100mL volumetric flask is filled to the mark with milliQ water and 
the flask is shaken thoroughly. Samples from the pilot experiment (about 125µg/g Cu) and samples 
from the main experiment (about 800µg/g Cu) is diluted to make it fit with the theoretical Cu 
content. The pilot samples are diluted 5 times and main samples are diluted 50 times. All the 
samples are analysed via the AAS-machine and the calibrated method (i.e. standard computer 
program). Table 11.4 shows the mean of the samples and how much Cu that was found in our 
samples. The actual AAS-manual can be seen in Appendix 4. 
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4. Results 
In this chapter, the results from our dw/ww ratio, the mortality rate and burrowing behaviour from 
our pilot experiment and main experiment will be described and illustrated. 
 
4.1. Dw/ww ratio 
The dw/ww ratio is a crucial part for spiking the sediment, since spiking concentrations are always 
given in µg Cu/g dw material, the pilot experiment dw/ww ratio was 0.36 ~ 36% and the main 
experiment dw/ww ratio was 0.58 ~ 58%. The reason for this difference between the pilot and main 
experiment dw/ww ratios could be due to sediment in the main experiment having possibly 
absorbed more water, making it more difficult to remove the overlaying water. In the pilot 
experiment the sediment was fresher and had not absorbed as much water as in the main 
experiment, therefore it was possible to remove a larger amount of the overlaying water in the pilot 
experiment. This resulted in the main experiment having a larger dw/ww ratio than the pilot 
experiment. 
 
4.2. Mortality 
Pilot experiment, theoretical concentration 125 µg/g Cu: 
On Day 1, 7 T.tubifex were added to each replica with contaminated sediment. On Day 4 the 
number of T.tubifex transferred to clean sediment were counted; see Table 4.2.1. It can be seen from 
Table 4.2.1 that there had been a miscounting of several replicas on Day 1, hence the number of 
T.tubifex being higher than 7. Furthermore, there were problems in the experiment. When the T. 
Tubifex was sieved from the contaminated sediment, some worms slipped through the sieve, hence 
the control replica 1 has no T.tubifex in it. Therefore, after this discovery we sieved the water 2-3 
times to make sure all the T.tubifex were found. 
 
 Replica 1 Replica 2 Replica 3 Replica 4 Replica 5 Total 
Control 0 5 2 6 2 15 
Cu-ion 8 7 7 8 10 40 
CuO NP 8 7 3 7 9 34 
Table 4.2.1. The number of T.tubifex transferred to clean sediment, after four days in contaminated 
sediment. 
Page 20 of 43 
 
 
On Day 8, the T.tubifex were extracted from the clean sediment. The number of living T.tubifex 
worms extracted were counted; see Table 4.2.2. It can be seen in Table 4.2.2 in the CuO replica 5 
that two T.tubifex worms had died. The reason will be discussed further in the data analysis 
(Chapter 5). 
 
 Replica 1 Replica 2 Replica 3 Replica 4 Replica 5 Total 
Control 0 5 2 6 2 15 
Cu-ion 8 7 7 8 10 40 
CuO NP 8 7 3 7 7 32 
Table 4.2.2. The number of T. Tubifex that were extracted alive, in clean sediment at day 8. 
  
For comparison, the difference between Table 4.2.1 and Table 4.2.2 is illustrated in Figure 4.2.1 
expressed as a histogram. 
 
 
Figure 4.2.1. The y-axis shows the total number of living T.tubifex in Cu-concentration 125 µg/g 
Cu and the x-axis shows the three sediment conditions. The blue column describes the number of 
living T.tubifex transferred to clean sediment after four days in contaminated sediment. The red 
column describes the number of T.tubifex extracted alive, from clean sediment at Day 8. 
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To make a statistical comparison for the living T.tubifex on Day 8 in the pilot experiment, Table 
4.2.2, the mean and standard deviation are calculated, see Table 4.2.3 and Figure 4.2.2. The result 
will be discussed further in the data analysis (Chapter 5). 
 
 Control Cu-ion CuO NP 
Mean 3 8 6.4 
Standard Deviation 2.45 1.22 1.95 
Table 4.2.3. The mean and standard deviation of the living T.tubifex on Day 8 in the pilot 
experiment. 
 
 
Figure 4.2.2. The mean and standard deviation of the living T.tubifex on Day 8 in the pilot 
experiment.  
 
Main experiment, theoretical concentration 800 µg/g Cu 
On day 1, there were added 7 T.tubifex to each replica with contaminated sediment. On Day 4 the 
number of T.tubifex transferred to clean sediment were counted, see Table 4.2.4. It can be seen from 
Table 4.2.4, that after four days none of the T.tubifex had died.  
 
 Replica 1 Replica 2 Replica 3 Replica 4 Total 
Control 7 7 7 7 28 
Cu-ion 7 7 7 7 28 
CuO NP 7 7 7 7 28 
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Table 4.2.4. The number of T. Tubifex transferred to clean sediment, after four days in 
contaminated sediment.  
 
On Day 8, the T.tubifex were extracted from the clean sediment. The number of living T.tubifex 
extracted were counted, see Table 4.2.5. It can be seen in Table 4.2.5 that the effects of CuO NP are 
noticeable in this concentration. The result will be discussed further in the data analysis (chapter 5). 
 
 Replica 1 Replica 2 Replica 3 Replica 4 Total 
Control 6 7 6 6 25 
Cu-ion 6 7 5 6 24 
CuO NP 4 5 4 6 19 
Table 4.2.5. The number of T.tubifex extracted alive, from clean sediment at Day 8.  
 
For comparison, the difference between Table 4.2.4 and Table 4.2.5 is illustrated in Figure 4.2.3 
expressed as a histogram.  
 
 
Figure 4.2.3. The y-axis shows the total number of living T.tubifex in concentration 800 µg/g Cu 
and the x-axis shows the three sediment conditions. The blue column describes the number of living 
T.tubifex transferred to clean sediment after four days in contaminated sediment. The red column 
describes the number of T.tubifex extracted alive, after four days in clean sediment. 
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To make a statistical comparison for the living T.tubifex on Day 8 in the main experiment, Table 
4.2.5, the mean and standard deviation is calculated, see Table 4.2.6 and Figure 4.2.4. The result 
will be discussed further in the data analysis (chapter 5). 
 
 Control Cu-ion CuO NP 
Mean 6.25 6 4.74 
Standard Deviation 0.5 0.82 0.96 
Table 4.2.6. The mean and standard deviation of the living T.tubifex on Day 8 in the main 
experiment. 
 
 
Figure 4.2.4. The mean and standard deviation of the living T.tubifex on Day 8 in the main 
experiment. 
 
4.3. Burrowing behaviour 
Pilot experiment theoretical concentration 125 µg/g Cu 
On Day 4, when the T.tubifex worms were transferred from contaminated to clean sediment, 
observation took place after 5 minutes. At that point, there was no visible difference, in the Control, 
Cu-ion and CuO NP contaminated sediment on the T.tubifex burrowing behaviour. The result will 
be discussed further in the data analysis (Chapter 5). 
 
Main experiment theoretical concentration 800 µg/g Cu 
On Day 4, when the T.tubifex worms were transferred from contaminated to clean sediment, timing 
took place straight after the transferring and observations took place every minute, see Table 4.3.1. 
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The length of time (minutes) each replica took before total burrowing of T.tubifex can be seen in 
Table 4.3.1. The result will be discussed further in the data analysis (Chapter 5). 
 
 Replica 1 (min) Replica 2 (min) Replica 3 (min) Replica 4 (min) 
Control 2 1 2 2 
Cu-ion 5 3 5 3 
CuO NP 13 30 10 10 
Table 4.3.1. The length of time (minutes) each replica took before total burrowing on day 4. 
 
For comparison, the difference between the replicas and type of contaminated sediment from Table 
4.3.1 is illustrated in Figure 4.3.1. This is expressed as a histogram. 
 
 
Figure 4.3.1. The y-axis shows the amount of time (min) the T. tubifex spent before total burrowing 
after transferred from contaminated sediment, to clean sediment. The x-axis shows the number of 
replicas. Blue column shows the control, red shows the Cu-ion contaminated sediment and green 
shows the CuO NP contaminated sediment.  
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To make a statistical comparison for the total burrowing of the T.tubifex on Day 8 in the main 
experiment, Table 4.3.1, the mean and standard deviation is calculated, see Table 4.3.1 and Figure 
4.3.2. The result will be discussed further in the data analysis Chapter 5. 
 
 Control Cu-ion CuO NP 
Mean 1.75 4 15.75 
Standard Deviation 0.5 1.15 9.60 
Table 4.3.2. The mean and standard deviation calculated before total burrowing of T.tubifex on 
Day 4 in the main experiment.  
 
 
Figure 4.3.2. The mean and standard deviation calculated, of the total burrowing of the T.tubifex 
on Day 8 in the main experiment.  
 
5. Data analysis 
The data is analysed from the results given from our experiment. Mortality and burrowing 
behaviour is analysed thoroughly, and some general observations like activity, size and colour of 
the T. tubifex is shortly described and analysed. 
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5.1. Mortality 
In our pilot experiment with the theoretical Cu-concentration of 125 µg/g Cu derived from Table 
4.2.1, Table 4.2.2, and Figure 4.2.1, the total number of dead organisms consisted of 2 out of 34 
T.tubifex in the CuO NP contaminated sediment.  0 out of 15 died in the control and 0 out of 40 in 
the Cu-ion contaminated sediment. The reason for the death of the 2 T.tubifex in the CuO NP 
contaminated sediment could be due to stress induced by the experimental setup, or a combination 
of stress and exposure of CuO NPs. The 2 dead T.tubifex came from the same replica, which could 
be an indication of this replica being treated differently than the others. If the deaths had been more 
consistently in all of the replicas, it could have been because of the CuO NPs. It is noticeable that 
none of the T.tubifex died in the Cu-ion contaminated sediment, which confirms that the 
concentration of Cu was probably too low to have a deadly effect on T.tubifex. In the control group 
none of the T.tubifex died, which indicates that the living condition was sufficient for the T.tubifex 
survival. 
From a statistical standpoint, it can be seen in Table 4.2.3 and Figure 4.2.2 that the mean of living 
T.tubifex extracted on Day 8 for each replica in the pilot experiment, was 3 for control, 8 for Cu-ion 
and 6.4 for CuO NP. This large difference between the 3 groups is due to the miscounting of 
T.tubifex on Day 1 as mentioned in result (Chapter 4.2).  
The standard deviation of living T.tubifex extracted on Day 8 for each replica is listed in Table 4.2.3 
and depicted in Figure 4.2.2. It can be expected that the standard deviation will be high, due to the 
experiment involving live organisms and miscounting in the pilot experiment; in spite of that, the 
standard deviation is 2.45 in the control, 1.22 for Cu-ion and 1.95 for CuO NP, which is lower than 
we expected for the pilot experiment. 
In our main experiment with the theoretical Cu-concentration of 800 µg/g Cu shown in Table 4.2.4, 
Table 4.2.5 and Figure 4.2.3, the total number of dead organisms consisted of 9 out of 28 T.tubifex 
in the CuO NP contaminated sediment. 3 out of 28 died in the control and 4 out 28 died in the Cu-
ion contaminated sediment. The deaths in the control are spread equally between replica 1, 3 and 4 
and in replica 2, none died. The 3 deaths in the control, is expected when working with living 
organisms; the deaths could be due to stress by either the handling or the switch between sediments. 
The 9 deaths in CuO NP contaminated sediment could be an effect of the exposure. The mortality in 
the CuO NP contaminated sediment is consistent in all of the replicas, which indicates that the 
concentration of CuO NPs probably affected T. Tubifex. The result for the CuO NP contaminated 
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sediment is 3 times higher than in the control, further indicating that the mortality was due to the 
exposure of CuO NPs.  
In the Cu-ion contaminated sediment, the mortality was reported as 4 T.tubifex in total. The deaths 
were seen in replica 1, 3 and 4 and in replica 2, none died; the same replicas as the control. The 
mortality rate for the Cu-ion contaminated sediment is remarkably close to the control (4 in Cu-ion 
and 3 in the control), which indicates that the Cu-ions did not have a large impact on the T.tubifex 
worms. 
From a statistical standpoint, it can be seen in Table 4.2.6 and Figure 4.2.4 that the mean of living 
T.tubifex extracted on Day 8 for each replica was 6.25 for the control, 6 for Cu-ion and 4.74 for 
CuO NPs. The difference shows that in the CuO NPs contaminate sediment, 1.51 more T.tubifex 
were killed in each replica compared to the control. In the Cu-ion, contaminated sediment 0.25 
more T.tubifex were killed in each replica compared to the control.  
The standard deviation of living T.tubifex extracted on Day 8 for each replica in the main 
experiment is listed in Table 4.2.6 and depicted in Figure 4.2.4. It can be expected that the standard 
deviation will be high, due to the experiment involves live organisms and low amounts of replicas, 
in spite of that, the standard deviation is 0.5 in the control, 0.82 for Cu-ion and 0.96 for CuO NPs, 
which is much lower than we expected for the main experiment.  
To sum up the pilot experiment and the main experiment, there is circumstantial evidence that a 
high concentration of CuO NPs has a substantial effect on mortality of T.tubifex compared to Cu-
ions. 
 
5.2. Burrowing behaviour 
The burrowing time is an indicator of the fitness of T. tubifex. The control group gives a prediction 
of the amount of time that is needed for total burrowing under optimal conditions, and thereby a 
difference in the CuO NP group and in the Cu-ion compared to the control is likely due to an effect 
caused by Cu. 
In our pilot experiment with the theoretical Cu-concentration of 125 µg/g Cu the procedure for 
measuring the burrowing time of the three groups of T. tubifex (control, CuO and Cu-ion) began 
with transferring the T.tubifex from the contaminated sediment to petri dishes and then added to the 
clean sediment. All three groups were added in their respective sediment within a few minutes and 
then checked every 5 minutes. Due to the preceding procedure, the start time was almost the same 
for all three groups, without knowing what the mean amount of time for total burrowing is in an 
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unaffected T.tubifex group. It was discovered that after 5 minutes, all of the T.tubifex in all three 
treatments were completely burrowed. This discovery indicates that the theoretical Cu-
concentration of 125 µg/g Cu was too low to have a negative effect on the T.tubifex burrowing 
behaviour. 
In the main experiment with the theoretical Cu-concentration of 800 µg/g Cu the procedure for 
measuring the burrowing time of the three groups of T.tubifex (control, CuO NPs and Cu-ion 
solutions) it can be seen in Chapter 4.3 from Table 4.3.2 that the mean time for total burrowing in 
the control group is 1.75 minutes. The mean time for total burrowing in the Cu-ion contaminated 
sediment is 4 minutes, more than twice of the control group. As seen in Table 4.3.2, the mean time 
for total burrowing in the CuO NPs spiked sediment is 15.75 minutes. This is 9 times slower than 
the control-group. Figure 4.3.1 illustrates that the CuO NPs spiked sediment had a substantial larger 
impact on the T.tubifex than Cu-ion. 
The standard deviation of the total burrowing of T.tubifex on Day 4 for each replica in the main 
experiment is listed in Table 4.3.2 and depicted in Figure 4.3.2. It can be expected that the standard 
deviation will be high, due to the experiment involving live organisms and few replicas. The 
standard deviation is 0.5 in the control, 1.15 for Cu-ion and 9.60 for CuO NPs solutions, which is 
lower than expected for the control and Cu-ion. The CuO NPs solution has a high standard 
deviation, which is expected due to the second replica deviating from the rest of the replicas in the 
main experiment.  
 
5.3. General observations 
During the pilot experiment and the main experiment, observations were taken with regard to the 
T.tubifex colour, size and activity. Take in mind that these observations are by eye and have no 
supporting evidence. 
In the pilot experiment, the selection of T.tubifex was randomly, the size, colour and activity was 
not a large concern. That decision turned out to make it more difficult to locate the T.tubifex when 
sieving because of the small T.tubifex being able to slip through the sieve. In the pilot experiment, 
the size and colour of T.tubifex were unchanged. The activity of T.tubifex did change to some 
degree in the pilot experiment. The T.tubifex exposed to Cu-ion contaminated sediment had a higher 
tail activity than the control group and the CuO NPs contaminated sediment throughout the pilot 
experiment and when transferred to petri dishes, there was more movement compared to the control 
group. The T.tubifex exposed to CuO NPs contaminated sediment showed a decrease in activity 
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compared to the control group especially at Day 8 when transferred to petri dishes. The control 
group showed stable tail activity throughout the pilot experiments and when transferred to petri 
dishes their movement was stabile. 
In the main experiment, the selection of T.tubifex was not random but selected with the same size, 
colour and activity by eye. In the main experiment, it was observed that when the T.tubifex were 
transferred from the contaminated sediment (Cu-ion and especially CuO NPs) to clean sediment, the 
size in diameter had shrunk noticeably. The colour of T.tubifex had turned from bright red/maroon 
to rosy brown. Furthermore, the activity of T.tubifex had changed.  
At Day 1, there was a lot of activity from the T.tubifex in the petri dish and when transferred to the 
contaminated sediment, and rapid tail movement above the sediment from all three groups was also 
observed. On the second and third day most of the T.tubifex were burrowed in the sediment and 
their activity was difficult to observe.  
On Day 4, the T.tubifex was transferred to petri dishes with Tubifex water, where it was observed 
that the T.tubifex from Cu-ion contaminated sediment showed a decrease in activity and the 
T.tubifex from CuO NPs contaminated sediment had close to non-existent activity on Day 4. 
When transferred to clean sediment on Day 4, it was observed that the T.tubifex movement was 
slow from the Cu-ion and even slower from the CuO NPs contaminated sediments. 
The remaining days in the clean sediment, the T.tubifex were burrowed in the sediment and their 
activity was difficult to observe. 
On Day 8 the T.tubifex were transferred to petri dishes with Tubifex water. The T.tubifex from the 
Cu-ion and CuO NPs contaminated sediment showed the same activity level on Day 8 as on Day 4. 
Throughout the main experiment, the control group showed the same level of activity as in the pilot 
experiment. 
An observation was made regarding the disappearance of a number of the T.tubifex on Day 8 in the 
pilot and main experiment. It was discovered that some of the living T. tubifex ate the dead 
T.tubifex. This discovery explained the number of T.tubifex that had disappeared during the pilot 
and main experiment; they were presumed dead. 
 
5.4. AAS results 
The result from the AAS samples did not show what was expected. In Table 5.5, it can be seen that 
the expected results are not the same as the measured. In the pilot experiment the measured results 
were excessively high. The measured results from the pilot experiment CuO NPs and Cu-ions 
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solutions were respectively 181% and 210 % more than the expected at 125 µg/g Cu. On the other 
hand, the measured CuO NPs from the main experiment were too low, with only 33 % of what was 
expected. The one result that was looking as hoped, was the Cu-ions solution from the main 
experiment. With a variety under 1 %, it is showing exactly what was expected. 
 
AAS samples Expected (µg/g Cu) Measured Mean (µg/g Cu) 
Control 20 19.15 
Pilot CuO NP 125 226.60 
Pilot Cu-ions 125 263.19 
Main Cu-ions 800 797.58 
Main CuO NP 800 263.81 
Table 5.5: The measured mean of the results from the AAS test and the expected mean. The pilot 
and the main experiment are both included. 
 
6. Discussion 
There is a clear indication of CuO NPs solution having an effect on T.tubifex from looking at the 
results (Chapter 4), both when looking at mortality and burrowing behaviour. Comparing the pilot 
experiment to the main experiment it can be seen that a higher concentration of Cu, in both the CuO 
NPs and in the Cu-ions solution, has a noticeable effect on both the mortality and burrowing 
behaviour, in particularly the CuO NPs solution. 
The burrowing behaviour, shown in Table 4.3.1, Table 4.3.2, Figure 4.3.1 and Figure 4.3.2 
indicates that the CuO NPs solution has a harmful effect on the T. tubifex. It is seen that the control 
has an average of 1.75 minutes, the Cu-ion solution has an average of 4 minutes, and the CuO NPs 
solution has the highest with the average of 15.75 minutes until they had all burrowed into the 
sediment. The burrowing behaviour in itself is an indicator of the organism's health and fitness, so 
when this is affected, it can be vital to the T. tubifex. Their entire feeding and living habit relies on 
the fact that they are burrowed down in the sediment and can feed on the sediment, nutrients and 
organic matter surrounding them (Templar, 2012).  
Thus, as the results have shown, the CuO NPs solution has almost a 9 times slower time of 
burrowing than the control, which indicates that the toxicity of the CuO NPs solution has quite a 
significant effect in these samples. Such an observation can be deducted by relating the burrowing 
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behaviour to the effect the CuO NPs solution that has shown to have an effect on the mortality of 
the worms in the same samples. Furthermore, in their actual habitat and environment, if these 
worms are not burrowed, they will most likely be more subject to being attacked by predators. 
From Chapter 4.2, the mortality of the T. tubifex in the main experiment indicates the delayed 
effects of the CuO NPs solution. As seen in Figure 4.2.3 and Table 4.2.4, none of the organisms 
were dead when transferred to the clean sediment on Day 4. On Day 8, the control group showed 
that 3 organisms had died, the Cu-ion solution had 4 dead, and in the CuO NPs solution, 9 had died. 
From these results, the 3 dead T.tubifex from the Cu-ion and CuO NPs solutions should not be 
completely focused on, due to the fact that 3 died in the control group. In such a setup, it is not 
uncommon to have around 3 organisms dying, even in the control sample, most likely due to stress 
and the movement from the spiked samples to the clean samples. However, any more dead 
organisms are most likely due to the Cu exposure.  
A delayed effect would also most likely affect reproduction numbers and growth rates, which would 
be interesting to look into. Short-term effects are most likely much clearer and direct, as it may be 
easier to record a gradual and slight behavioural change. However, it is necessary to look at the 
bigger picture which delayed effects might have an impact on, that considers a number of essential 
aspects that are relevant to assess the true effect on an ecosystem. Such aspects are not only the 
burrowing behaviour and mortality but also the reproduction numbers and rate, and growth, which 
can only be considered after a longer time period. When looking at reproduction it is possible to see 
what will happen with the future populations of T. tubifex. The delayed effects can be vital on the 
future population, if the T. tubifex worms are born weaker, with defects, or just cannot reproduce at 
the same rate as they can in a healthy population. These consequences would not only affect the T. 
tubifex in itself, but also have the potential to cascade through the food chain, in the given 
ecosystem. If T. tubifex is not present in abundance so that the predators can feed on these, whilst 
the T. tubifex population is still large enough to reproduce, it could lead to a local extinction of both 
species.  
Throughout the experiment, it was expected that the results would not turn out to be completely 
precise or necessarily accurate due to handling errors. Figure 4.2.1 and Figure 4.2.3 show the 
mortality difference in the two Cu-concentrations used - 125 µg/g Cu and 800 µg/g Cu. In the pilot 
experiment, it was discovered that the Cu-concentration of 125 µg/g did not have a big effect on the 
organisms in either Cu form; therefore, the main experiment was made with a much higher Cu-
concentration, 800 µg/g Cu. With this seemingly drastic Cu-concentration increase, change was 
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noted, however, not necessarily a consistent or evenly balanced change as there were no noticeable 
patterns in specific samples, which can be seen in the Data Analysis. 
As mentioned, both CuO NPs and Cu-ions are not readily biodegradable, making them harmful to 
the environment. However, CuO NPs take the longest out of these to biodegrade due to their size, 
thus allowing Cu to accumulate in the sediment (Bondarenko et al., 2013). Cu will then damage 
living organisms such as the T. tubifex species. 
It was observed that the T. tubifex was reduced in size, changed pigment, and a decrease in their 
activity, in both the CuO NPs and the Cu-ion contaminated sediment. This could be a sign of 
bioaccumulation. Bioaccumulation is not necessarily harmful to the organisms, but due to copper 
being toxic in larger amounts, this can turn out to be vital for the T. tubifex. Haemoglobin is 
fundamental for the T. tubifex pigment, and a huge part for respiratory success (Templar, 2012). A 
change in the pigment could indicate that the T.tubifex are affected by the Cu to such an extent that 
they become weaker and therefore show decrease in activity such as burrowing. This decrease in 
size observed in both the Cu-ion and in particularly the CuO NPs solutions, correlates to the worms 
also being noted to be much less active to inactive at Day 4 when moved to clean sediment and the 
last day, Day 8. This can likely be linked to the worms becoming weaker every day due to the 
contamination. 
Lastly, concerning the AAS results, see Table 5.5, every result apart from one was not as expected. 
The results were too low to be noted as accurate. In the pilot experiment, these results may have 
been due to an incorrect distribution of the spiking solutions as there was no record kept on the 
measurements used. In this experiment, the solutions were also not shaken which is necessary in 
order to make sure each component in the solutions is mixed relatively evenly with each other. Due 
to this, the values in the methodology are incorrect. In the main experiment, almost all the results 
were not as expected apart from one of the Cu-ion solution samples that produced a high enough 
result to be accurate. In the CuO NPs solution samples, this is probably due to the NPs not binding 
to the sediment particles due to probably not being stirred well enough so the Cu may have settled 
in one spot instead of spreading evenly around. The NPs are also larger than Cu-ions so they are 
likely going to take longer to bind with the sediment particles. The sediment used for the AAS 
testing was also scraped from the bottom and sides of the bucket so this also shows that it was 
unlikely that the NPs had been evenly dispersed within the sediment. Although the values in the 
methodology for the main experiment are correct, the AAS testing results do not reflect this due to 
the aspects just mentioned (Appendix 3 – AAS results and Chapter 5.4.). 
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7. Conclusion 
In conclusion, as it was expected from our hypothesis, CuO NPs had a negative delayed effect on 
the T. tubifex. A higher mortality was visible, for both the CuO NPs and Cu-ion solutions, 
compared to the control solution. It is, therefore, evident in the main experiment that more T.tubifex 
worms died when exposed to the CuO NPs solution, and that they first started dying after being 
transferred to clean sediment. Furthermore, the burrowing behaviour was decreased with an average 
of 15.75 minutes compared to the 1.75 minutes in the control solutions and the 4 minutes in the Cu-
ion solution. The CuO NPs solution, therefore, had a visible effect on the T. tubifex species over a 
4-day exposure time, and a delayed effect is seen after being in clean sediment for another 4 days.  
Regarding both mortality and burrowing behaviour, the delayed effect of the CuO NPs solution 
must be acknowledged.  
 
8. Perspective 
In hindsight, there were things that should have been done differently regarding the experiments. 
Time was somewhat of a limiting factor concerning the experiment as most of the time was spent 
on the sieving and actual preparation of the set-up, which took longer than predicted, even though it 
was necessary. Experience has shown that in experiments in subjects such as Environmental 
Biology, experimental procedures take time. With more time, the T. tubifex worms could have been 
left in the clean sediment for a longer period. More samples with different concentrations could 
have improved the outcome by providing a wider variety of results and a broader overlook on the 
samples.  Through testing over a long period, it is expected that there would not always be 
noticeable changes at each decided observing date; however, it is likely that there would be more 
factors noticed due to the longer period, such as the possible changes in reproduction rates as 
mentioned in the Discussion. 
The number of replicas used in the pilot experiment was higher than in the main experiment due to 
limited time to collect more sediment and so it could have been possible that fewer replicas led to a 
lower reliability and credibility, despite the fact that 3 replicas is standard in such an experiment. In 
theory, fewer results would make it harder to determine a possible pattern within and between each 
of the replicas from the Cu-contaminated sediment or the control group solutions. More results may 
have also allowed a more precise mean to be calculated showing a greater variance between the 
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different samples. This might have provided a larger and clearer view on the effect of the toxicity of 
both the CuO NPs and the Cu-ion solutions.  
When it was decided to measure mortality and borrowing, there were other measurements we did 
not consider. Due to practical reasons, length and weight measurements were discarded which 
possibly could have strengthened the Data Analysis. Other factors such as the consequent effect on 
the trophic levels could have been a point of view in this experiment. Furthermore, when sediment 
becomes contaminated, it can easily enter the food chain in the given ecosystem; T. tubifex as the 
endobenthic species it is, eats the sediment and organic matter around it; this can cascade to the 
other trophic levels in the food chain consecutively. Moreover, looking at a factor such as 
reproduction, would likely have given a better picture of the effects of CuO NPs contamination on 
future populations, to observe if the new generations of T. tubifex would be born with defects of any 
kind.  
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Appendices 
 
Appendix 1  
 Replica 1 Replica 2 Replica 3 Replica 4 Replica 5 
Control 14,02 g 13,99 g 14,03 g 14,05 g 14,04 g 
Cu-ion 14,03 g 14,10 g 14,08 g 14,15 g 14,15 g 
CuO 14,06 g 14,05 g 14,02 g 14,04 g 14,03 g 
Table 1.1. The spiked and control sediment (in gram) in the beakers.  
 
 Replica 1 Replica 2 Replica 3 Replica 4 Replica 5 
Control 14,00 g 14,06 g 13,97 g 14,00 g 13,92 g 
Cu-ion 14,16 g 14,03 g 14,06 g 14,06 g 13,99 g 
CuO 13,98 g 14,07 g 14,10 g 13,93 g 14,08 g 
Table 1.2 The clean sediment (in gram) in the beakers 
 
 Replica 1 Replica 2 Replica 3 Replica 4 
Control 14,14 g 14,00 g 14,08 g 14,07 g 
Cu-ion 14,19 g 14,06 g 14,06 g 14,20 g 
CuO 14,07 g 14,10 g 13,93 g 13,92 g 
Table 1.3 The spiked and control sediment (in gram) in the beakers 
 
 
Appendix 2 – AAS results 
 Sample Cu    Diluted  correct Mean 
µg/g Labels µg/L gram       
01:06 2 22.99        
Control 
pilot 
3 21.44 0.1121 0.1 19.13 0    
Control 
main 
4 18.9 0.1014 0.1 18.64 0    
Pilot 
CuO 
NP 125 
5 44.06 0.1009 0.1 43.67 5 218.335 199.2092  
Pilot 
CuO 
NP 125 
7 58.12 0.1034 0.1 56.21 5 281.0445 261.9187  
Pilot 
CuO 
NP 125 
new 4 21.18 0.0877 0.1 24.15 10 241.5051 222.33  
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Pilot 
CuO 
NP 125 
new 7 23.85 0.0985 0.1 24.21 10 242.132 222.95 226.60 
Pilot 
Cu-ion 
125 
6 52.9 0.1002 0.1 52.79 5 263.9721 244.8463  
Pilot 
Cu-ion 
125 
8 63.22 0.1048 0.1 60.32 5 301.6221 282.4964  
Pilot 
Cu-ion 
125 
new 3 31.62 0.1152 0.1 27.45 10 274.4792 255.30  
Pilot 
Cu-ion 
125 
new 8 27.6 0.0954 0.1 28.93 10 289.3082 270.13 263.1937 
Main 
Cu-ion 
800 
12 18.07 0.1058 0.1 17.08 50 853.9698 834.844  
Main 
Cu-ion 
800 
10 17.91 0.1158 0.1 15.47 50 773.3161 754.1903  
Main 
CuCl2 
800 
new 5 14.94 0.0945 0.1 15.81 50 790.4762 771.30  
Main 
CuCl2 
800 
new 10 16.44 0.0968 0.1 16.98 50 849.1736 830.00 797.5822 
Main 
CuO 
NP 800 
11 5.37 0.1024 0.1 5.24 50 262.207 243.0813  
Main 
CuO 
NP 800 
9 6.38 0.1178 0.1 5.42 50 270.798 251.67  
New 
CuO 
NP 800 
new 6 4.82 0.1025 0.1 4.70 50 235.122 215.94  
Main 
CuO 
NP 800 
new 9 7.1 0.0976 0.1 7.27 50 363.7295 344.55 263.8125 
 
Table 2.1. The results of the AAS analyses of the control, CuO and CuCl2 in the old (pilot) and new 
(main) samples. 
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Appendix 3 – Calculations  
The dw/ww ratio: 
 
Crucible Crucible 
weight(g) 
Crucible + sediment (g) 
before oven 
Crucible + sediment (g) 
after oven 
dw/ww 
% 
1 29.59 35.79 32.17 41 
2 29,55 36,9 31,72 29 
3 14,3 21,8 16,97 35 
4 14,26 21,99 17,23 38 
Mean  29,12 24,52 36 
 
Table 3.1 dw/ww ratio from the pilot experiment 
 
Crucible Crucible 
weight (g) 
Crucible + sediment (g) 
before oven 
Crucible + sediment (g) 
after oven 
dw/ww 
% 
1 13.97 19.52 17.26 59 
2 13.41 18.68 16.37 56 
3 11.84 17.07 14.77 56 
4 14.63 19.75 17.66 59 
Mean  18.755 16.52 57 
Table 3.2  dw/ww ratio from the main experiment 
 
For calculating the stock solution, the following equations where used: 
For the CuO NP stock solution: 
𝑐 = 0.01 𝑔
𝐶𝑢
𝑚𝐿
 
𝑉 = 10 𝑚𝐿  
𝑚(𝐶𝑢) = 0.01 𝑔
𝐶𝑢
𝑚𝐿
∗ 10𝑚𝐿 = 0.1𝑔 𝐶𝑢 
𝑀(𝐶𝑢𝑂) = 79.5
𝑔
𝑚𝑜𝑙
 
𝑅𝑎𝑡𝑖𝑜 =
𝑀(𝐶𝑢𝑂)
𝑀(𝐶𝑢)
=
79.5 𝑔/𝑚𝑜𝑙
63.5 𝑔/𝑚𝑜𝑙
= 1.2 
𝑚(𝐶𝑢𝑂) = 𝑚(𝐶𝑢) ∗ 𝑅𝑎𝑡𝑖𝑜 = 0.1𝑔 ∗ 1.25
𝑔
𝑚𝑜𝑙
= 0.125 𝑔 𝐶𝑢𝑂 𝑖𝑛 10 𝑚𝐿 𝑤𝑎𝑡𝑒𝑟 
 For the Cu-ion stock solution: 
Page 40 of 43 
 
𝑐 = 0.01 𝑔
𝐶𝑢
𝑚𝐿
 
𝑉 = 10 𝑚𝐿  
𝑚(𝐶𝑢) = 0.01 𝑔
𝐶𝑢
𝑚𝐿
∗ 10𝑚𝐿 = 0.1𝑔 𝐶𝑢 
𝑀(𝐶𝑢𝐶𝑙2 + 2𝐻2𝑂) = 170.3
𝑔
𝑚𝑜𝑙
 
𝑅𝑎𝑡𝑖𝑜 =
𝑀(𝐶𝑢𝐶𝑙2 + 2𝐻2𝑂)
𝑀(𝐶𝑢)
=
170.3 𝑔/𝑚𝑜𝑙
63.5 𝑔/𝑚𝑜𝑙
= 2.68 
𝑚(𝐶𝑢𝐶𝑙2 + 2𝐻2𝑂) = 𝑚(𝐶𝑢) ∗ 𝑅𝑎𝑡𝑖𝑜 = 0.1𝑔 ∗ 2.68
𝑔
𝑚𝑜𝑙
= 0.268 𝑔 (𝐶𝑢𝐶𝑙2 + 2𝐻2𝑂) 𝑖𝑛 10 𝑚𝐿 𝑤𝑎𝑡𝑒𝑟 
𝑐 = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
𝑉 = 𝑉𝑜𝑙𝑢𝑚𝑒 
𝑀 = 𝑀𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 
𝑚 = 𝑚𝑎𝑠𝑠. 
Spikning: 
Pilot experiment theoretical Cu-concentration of 125 𝜇𝑔 (
𝐶𝑢
𝑔
) 𝑑𝑤: 
From the dw/ww calculations in appendix 3, we know that the dw/ww ratio is 0.36 in the pilot 
experiment. We chose to use 5 replicas with each containing 14g ww sediment resulting in 70g ww 
sediment. Furthermore 20g ww sediment where need for the AAS calculation. This resulted in 90g 
ww sediment, because this where the first time trying to spike,the total amount of ww sedimentwas 
round up to 125g ww sediment. To calculate the amount of Cu need for the spiking, the dw of the 
sediment were needed. This was done by multiplication of the dw/ww ratio and the total amount of 
ww sediment used, expressed here: 
0.36 ∗ 125𝑔 𝑤𝑤 = 45.4𝑔 𝑑𝑤 
To calculate the amount of Cu needed, multiplication of the wanted Cu-concentration and the dw of 
the sediment where used, as expressed here:  
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125 𝜇𝑔 (
𝐶𝑢
𝑔
) 𝑑𝑤 ∗ 45.4 𝑔 𝑑𝑤 = 0.005𝑔 𝐶𝑢 𝑑𝑤 
The amount of Cu needed to be added in 125g ww sediment to get the Cu-concentration of 
125 𝜇𝑔 (
𝐶𝑢
𝑔
) 𝑑𝑤, was 0.005g Cu dw. The 0.005g Cu dw should be added to the CuO NP 
contaminated sediment and the Cu-ion contaminated sediment.  
Main experiment theoretical Cu-concentration of 800 𝜇𝑔 (
𝐶𝑢
𝑔
) 𝑑𝑤: 
From the dw/ww calculations in appendix 3, we know that the dw/ww ratio is 0.58 in the main 
experiment. We chose to use 4 replicas with each containing 14g ww sediment resulting in 56g ww 
sediment. Furthermore 20g ww sediment where need for the AAS calculation. This resulted in 76g 
ww sediment, for good measure it was round up to 80g ww sediment in total. To calculate the 
amount of Cu need for the spiking, the dw of the sediment were needed. This was done by 
multiplication of the dw/ww ratio and the total amount of ww sediment used, expressed here: 
0.58 ∗ 80𝑔 𝑤𝑤 = 46.1𝑔 𝑑𝑤 
To calculate the amount of Cu needed, multiplication of the wanted Cu-concentration and the dw of 
the sediment where used, as expressed here:  
800 𝜇𝑔 (
𝐶𝑢
𝑔
) 𝑑𝑤 ∗ 46.1 𝑔 𝑑𝑤 = 0.036𝑔 𝐶𝑢 𝑑𝑤 
The amount of Cu needed to be added in 80g ww sediment to get the Cu-concentration of 
800 𝜇𝑔 (
𝐶𝑢
𝑔
) 𝑑𝑤, was 0.036g Cu dw. The 0.036g Cu dw should be added to the CuO NP 
contaminated sediment and the Cu-ion contaminated sediment. 
 
 
Appendix 4 – AAS guide 
Følgende vejledning er udleveret af laborant Mette Flodgaard. 
DS/EN ISO 15587-2: Water quality – Digestion for the determination of selected elements in 
water (and modified for tissue/sediment) using volumetric flask. 
Part 2: Nitric acid digestion 
Summary of the method: 
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Reagents: 
5.2              Nitric acid, concentrated, 65 % 
Apparatus:    Milestone furnace 
Equipment:   Carefully acid-wash digestion equipment in contact with the digestion solution and 
volumetric ware. Glass equipment is to be preferred due to the adhesion of silver to 
plastic. 
Sampling:  The tissue and the sediment has to be freeze-dried before preparation for AAS. 
The water can be used without further treatment. If necessary the water can be frozen until it allows 
for the procedures to be completed the same day.                     
NB!! And now is the time for protective screen, rubber apron, gloves and over sleeves to wear 
during the next steps. 
Preparation of small amounts of tissue: 
1.      Weigh out as much as possible of freeze-dried tissue in the Weflon tube with lid. The exact 
weight is noted. 
2.      Add 1.5mL of milliQ water and 1.5mL of nitric acid (5.2) for 25mL 
Add 3.12mL of milliQ water and 3.12mL of nitric acid (5.2) for 50mL 
Add 6.25mL of milliQ water and 6.25mL of nitric acid (5.2) for 100mL 
 
3.      Swirl and allow the mixture to stand until any visible reaction has stopped. Then cap the vessel. 
4.      Place on the Weflon tube the protection shield, the adapter plate and the special spring. 
5.      Introduce the vessels vertically into one of the numbered niches of the six-position rotor body. 
6.      Then tighten the HTC screw in the upper part of the rotor body using Tension Wrench, until 
you hear a clicking sound informing that the vessel is blocked inside the niche. Place the ring 
around the rotor to secure the vessels. 
7.      The rotor unit is now ready for being placed in the microwave cavity of the Milestone unit. 
Operating procedure: 
8.      The program suitable for digestion is started, normally program no. 8. Press: Start – Start. 
Program 8 will appear. Press start. The intervals are: 
Step 1: 6 min         250 W 
Step 2: 6 min         400 W 
Step 3: 6 min         650 W 
Step 4: 6 min         250 W 
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Ventilation 5 min 
Cooling down: 
9.      Once the digestion program is completed, very high temperature and pressure are reached 
inside the vessel. It is therefore necessary to cool down the rotor before opening the vessels. 
Place the rotor in the cooling system in the fume-hood and let the water flow for approximately 
20-30 minutes. 
Uncapping the vessels: 
10.  The rotor is dripped off before placing it on the workstation. Carefully loosen the screws in the 
upper part of the rotor body using the Tension wrench and wait till the pressure is completely 
released. 
11.  Remove the external protection ring; take the vessels out of the rotor body one by one. 
12.   Uncap the vessel – there might be some fume evaporation. 
Preparing the samples: 
13.  While the operating procedure is running, wash the filters once with diluted nitric acid (1:1) and 
3-4 times with milliQ water. 
14.  The sample in the Weflon tubes is transferred through the filter into an acid washed volumetric 
flask. The tube and the filter is washed with milliQ water into the flask and filled to the mark. 
Now the sample is ready for AAS-measuring, without waiting too many hours! 
 
